Importance 40 Pyridine derivatives are ubiquitous in nature and important chemical materials 41 that are currently widely used in agriculture, pharmaceutical, and chemical industries. 42 Thus, the microbial degradation and transformation mechanisms of pyridine 43 derivatives received considerable attention. Decarboxylative hydroxylation was an 44 important degradation process in pyridine derivatives, and previously reported 45 decarboxylative hydroxylations happened in the C3 of the pyridine ring. In this study, 46 we cloned the gene cluster hpa, which is responsible for 5HPA degradation in 47 Introduction 56 Pyridine derivatives are common natural products, as well as important artificial 57 compounds that are widely used in agriculture, pharmaceutical, and chemical 58 industries as solvents, dyes, pharmaceuticals, herbicides, and pesticides (1-3). 59 However, the increasing use of pyridine derivatives causes large amounts entering the 60 environment, thus leading to severe environmental problems (4, 5). Therefore, the 61 biodegradation or detoxication of pyridine derivatives, and their transformation to 62 useful products are of significant interest. 63 Pyridine derivatives could either be degraded or transformed by a variety of 64 bacteria, and the degradation processes are typically initialed via hydroxylation (6, 7).
65
Nicotinic acid (NA, 3-pyridinecarboxylic acid) and nicotine often served as models 66 for explore the catabolic mechanisms of pyridine derivatives (8-11). NA was initially 67 hydroxylated at the C2 of the pyridine ring via NA monooxygenase (NicAB), thus 68 producing 6-hydroxynicotinic acid (6HNA) (8). 6HNA was further decarboxylatively 69 hydroxylated at the C3 of the pyridine ring via 6HNA monooxygenase (NicC) 70 yielding 2,5-dihydroxypyridine (2,5-DHP), which was then subjected to ring-cleavage. 71 Nicotine could be degraded via both the pyridine and pyrrolidine pathways, and both 72 pathways include two hydroxylation steps. In the pyrrolidine pathway, the In this study, the gene cluster hpa involved in 5HPA degradation was cloned, and 93 a 5-hydroxypicolinic acid 2-monooxygenase HpaM was identified from Alcaligenes 94 faecalis JQ135 (Fig. 1A, B) . HpaM is FAD and NADH-dependent, and catalyzes the 95 2-decarboxylative hydroxylation of the pyridine-ring in 5HPA to produce 2,5-DHP. 
Results

98
Degradation of 5HPA by strain A. faecalis JQ135.
99
A. faecalis JQ135 was formerly identified as a picolinic acid (PA)-degrading 100 bacterium (16). 5HPA is a 5-hydroxylated derivate of PA that was tested for within 36 h, and correspondingly, the OD600 of the culture increased from 0.2 to 0.5 104 ± 0.1 (Fig. 2) 
Materials and Methods
297
Chemicals and media 298 5HPA (99%) and its structural analogs were purchased from J&K Scientific Ltd. 
Deletion of hpaM and complementation
323
Standard DNA manipulation was performed as previously described (27). All 324 primers used in this study are listed in Table S2 . The deletion of the hpaM gene in A. 
